each pixel all the relevant peaks in the XRF data of each element in the detector (2x 3 elements in a SDD by SGX) were fitted in a batch process (25) . In the main text the sum of the result of this fit for the Ni-K and Ga-K lines is called the "XRF signal" of that element.
To efficiently use the beam time the energy step size was varied: table S1. XANES energy steps of the x-ray beam for the XANES measurements. Step size [eV] 5 1 2 4
An image alignment procedure, dubbed "elastix" (26), was used to realign the scanning area according to the previous 2 scans after each change of the incoming X-ray energy. The signal used for the realignment was the Ni-K XRF stemming from the contact area, because it is clearly visible for all energies. The magnitude of this live correction was at most in the order of 100 nm or 1-2 steps, many frames required negligible corrections. The live correction only considered the immediately preceding 2 maps for the correction. Therefore, before performing the XANES analysis, the image alignment procedure was run again to mutually align all maps in the full energy stack. It was found that the results differed by no more than 1 step when using either the Ni-K XRF signal, Ga-K XRF signal or XBIC signal for the alignment. All data used in this publication are extracted from these 4D stacks of two lateral scanning dimensions, one detected XRF energy dimension and one incoming X-ray energy dimension.
Standard XANES data treatment
The XANES spectra for any region of interest on the sample were standardized according to the following common practices (see www.xafs.org and (34)):
1. Normalize the data by the nominal photon flux for the respective energy.
2. Crop data to exclude glitches (refill of the synchrotron ring).
3. A linear fit to pre-edge region (< 10355 eV) of the signal is subtracted for all energies.
4. Divide the signal by the linear fit to the post-edge region (> 10395 eV). The absorption step height µ0(E0) is found by extrapolating the pre-and post-edge fits to the edge energy E0 and subtracting the former from the latter.
5. The data is finally conservatively smoothed using a Gaussian-filter with sigma = 1 px.
6. E0 is defined by µ(E0) = 0.5.
Discussion of energy calibration
Unfortunately not all reference materials of interest were available (notably pure Ga metal) to be measured within this experiment. To calibrate the energy axis, the XRF-XANES of several points on a GaAs wafer were measured as a reference. The other references used for the linear component analysis in this publication were extracted from the respective cited publications. There is a large variation in the energy calibration data for the XANES spectra of the Ga-K edge found in literature (see fig. S1 A). Therefore, it was necessary to cross calibrate the energy axis for all references using a suitable fiduciary spectrum, β-Ga2O3. The most robust way to do this was to align the energy axis so that µ(E0) = 0.5. To illustrate this, fig. S1 shows a selection of XANES spectra from literature for the Ga-K edge of β-Ga2O3, which is a common reference material (6, 27, 28, 35 ) (compare fig. S1 B to C). The differences that remain even after the energy is aligned are presumably mainly caused by a variance in X-ray monochromaticity and measurement geometry. The energy axis used in this publication for all data and references is aligned to the one in ref (6) In B and C, the energy axis is aligned using the common criteria of maximum derivative and µ(E0) = 0.5, respectively. Without access to more data in the post-edge region to ensure a mutually homogeneous standardization of the respective datasets, the latter criterion obviously gives the more reliable alignment of the absorption edge.
fig. S2. Ga in GaAs K-edge XANES. Reference curve for the K-edge XANES of Ga in
GaAs in blue. The spectrum measured on a GaAs wafer (green) was used to calibrate the energy axis by shifting it to the same edge position (red).
Example results for the linear combination analysis
As discussed in the main publication, it was found that the measured XANES spectra can be fitted well with a linear combination of the spectra of GaAs, Ga metal, α-Ga2O3 and β-Ga2O3. Figure S3 shows the result of the linear combination analysis for the spectra with most (No. 8) and least (No. 1) Ga metal content in Fig. 3 of the main publication. The same analysis for the XBIC data is plotted in fig. S4 . We have to concede that this data is too noisy for a respectable fit. Because of the large noise level, the residual is deemed to be too large to draw any conclusions from this analysis.
Discussion of x-ray-matter interaction with respect to XBIC yield
We will briefly discuss the cross sections of the relevant X-ray -matter interactions to gain a rough impression of their respective contributions to the XBIC. A thorough analysis of XBIC yield is beyond the scope of this paper. We will not consider the exact sample geometry or density, the efficiency of conversion of energetic Auger electrons nor the reabsorption of characteristic X-rays in more detail than necessary for the point made.
From the values listed in table S2 (37,38), it is understood that out of the two possible inelastic processes, at this energy range Compton scattering is far less likely than photoionization. The SiO2 shell of the nanowire can also be neglected, as the cross-sections for photo-ionization in Ga and As are comfortably larger than for Si and O. Therefore, the dominating interaction is photoionization of Ga and As.
At 10.36 keV, an energy below the Ga absorption edge, almost all the absorbed X-ray energy is transferred to Auger electrons when the vacancy in the L-shell of a photoionized As or Ga atom is filled. The energy of these Auger electrons is in the order of 1-2 keV. For energies above the absorption edge, the cross section for Ga photoionization is increased significantly.
This is due to the additional possibility of ionizing the Ga K-Shell. A K-shell vacancy will be filled radiatively in about half the cases (fluorescence yield = 1 -Auger yield), resulting in the characteristic XRF-signal. The other half of the K-shell vacancies will be filled via the Auger effect, emitting an Auger electron of around 8 keV energy. Note that in either case there is a high probability that the L-shell will be ionized and an additional Auger electron is created.
Energetic electrons in semiconductors will excite in the order of
charge carriers in the conduction band (11). For the Auger electrons in GaAs considered here, this amounts to a number of 10 2 -10 3 . Clearly, these tertiary charge carriers created via Auger electrons from an ionized L-Shell in Ga and As are the main contribution to the pre-edge XBIC signal. Similarly, the increase in XBIC signal with increased absorption cross section at the K-edge of Ga is due to the sum of tertiary charge carriers created via Auger electrons from an ionized Ga K-Shell and from the subsequently ionized Ga L-shell. Given the broad strokes of this estimation, the ratio of roughly 1:2 for pre-edge to post-edge XBIC signal found in Fig. 4a of the main publication seems very reasonable.1 With these considerations it is possible to roughly estimate the excited charge carrier density.
The photoionization rate per volume and time is given by = with the atomic number density, photon flux and cross section , and , respectively.
With these values As an upper bound, let us assume that each ionization event produces ω = 10 4 charge carriers and that the life time for these charge carriers in GaAs is the largest we found reported in literature, τ = 2.5 ns (39, 40) . With these further assumptions, the number of excess charge carriers generated is 
